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METHOD OF ALTERING A 
FLUID-BORNE CONTAMINANT 



Cross-Referent to Re lated A^ rjlicationg 
This application claims the benefit of the earlier filing dates of prior pend- 
ing U.S. provisional patent applications No. 60/445,979, filed February 7 2003 
and No. 60/486,507, filed July 11, 2003. 
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Technical FipM 

The present invention broadly provides an improved method of altering 
a fluid-borne contaminant, and, more particularly, to an improved method for 
efficiently altering or converting a particulate, chemical or biological contami- 
nant in a compressible gas stream to a less-objectionable form. 



Backg round Art 

The events of September 11, 2001 have demonstrated that we live in a new 
era. Terrorists have demonstrated a willingness and ability to attack govern- 
15 mental and civilian infrastructure. Some of these attacks are physically destruc- 
tive of the infrastructure, whereas others are intended to deny the use of a facil- 
ity. 

For example, one will readily recall the threat of anthrax scares that fol- 
lowed the events of September 11th. In some cases, those anthrax scares in- 
20 volved distribution of anthrax spores through the postal service to unwitting 
recipients. In another instance, certain Senate office buildings were found to 
contain anthrax spores. This denied the government the use of these buildings 
during a period of remediation and cleaning. 

Accordingly, it would be generally desirable to provide an improved 
25 method of altering a fluid-borne contaminant to a less-objectionable form. 

Disclosur e of the Invpntinn 
With parenthetical reference to the corresponding parts, portions or sur- 
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faces of the disclosed embodiment, merely for purposes of illustration and not 
by way of limitation, the present invention broadly provides an improved meth- 
od of altering a fluid-borne contaminant. 

The improved method broadly includes the steps of: providing a pump 

5 (21) having an inlet (22) and an outlet (23); connecting the pump inlet to a source 
(24) of contaminated fluid; operating the pump at a pressure ratio of at least 2.0 
so as to sufficiently elevate the temperature of the fluid and contaminants pass- 
ing through the pump; and controlling the time during which the temperature 
of the fluid and contaminants are so elevated; thereby to alter substantially all 

10 of the contaminants passing through the pump. 

The contaminants may be altered by chemical reduction, oxidization, 
combustion, heating, passivation, or some other process or means. As used 
herein, the terms "alter" and "convert" are intended to generically include any 
and all of such processes and means. 

15 The contaminants may include particulate material (e.g., asbestos, etc.), a 

biological agent (e.g., a spore, a bacteria, a virus, a pathogen, a fungus, a pollen, 
etc.), or some other substance. The fluid should include a compressible gas. The 
fluid may be entirely gaseous, or only partially gaseous. The contaminants may 
be entrained in the gas, or may be present in a liquid mixed with such gas. 

20 The pump may be a Roots-type positive displacement pump, a compres- 

sor, a piston-and-cylinder, or the like. The pressure ratio of the pump is the 
pressure at the pump outlet divided by the pressure at the pump inlet. 

The time of passage may be controlled by restricting the flow of fluid and 
contaminants passing through the pump, and/ or any associated upstream or 

25 downstream elevated temperature portion. 

The temperature of the fluids and contaminants should be heated to at 
least about 200°C at the pump outlet. 

The improved method may further include the additional steps of: pro- 
viding a catalytic converter, arid causing the flow of gas to pass sequentially 

30 through the pump and the catalytic converter. The catalytic converter may be 
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arranged downstream of a pump, but this arrangement need not invariably 
obtain. 

In another form, a series of pumps may be arranged so as to be in series 
with one another. Contaminated fluid from the source is caused to pass sequen- 
5 tially through the pumps so as to alter the contaminants by multi-recompressive 
heating. 

In one arrangement, the method includes the additional step of: preheat- 
ing the temperature of the fluid entering the pump with heat provided from the 
temperature of fluid exiting the pump. 

10 If desired, a fuel or reagent can be entrained in, or atomized with, the 

fluid supplied to the pump. 

The method may further comprise the additional steps of: sampling the 
fluid exiting the pump to determine the extent to which contaminants therein 
have been altered; and adjusting the operation of the pump (i.e., so as to selec- 

15 tively increase the temperature and/ or the time of passage) so that substantially 
all of the contaminants will be altered or converted by passing such contami- 
nated fluid through the pump. 

In another aspect, the invention provides an improved method of altering 
a fluid-borne contaminant, which method includes the steps of: providing a 

20 pump having an inlet and an outlet; connecting the pump inlet to a source of 
contaminated fluid; operating the pump so as to elevate the temperature of the 
fluid and contaminants passing through pump to at least about 200°C; and con- 
trolling the time during which the temperature of the fluid and contaminants are 
elevated; thereby to alter substantially all of the contaminants passing through 

25 the pump. 

Accordingly, the general object of the invention is to provide an improved 
method of altering a fluid-borne contaminant. 

Another object is to provide an improved method of selectively and con- 
trollably altering a fluid-borne contaminant, such as a particulate material, a 
30 biological agent (e.g., a spore, a bacteria, a virus, a pathogen, a fungus, a pollen, 
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etc), a chemical agent, some other substance, or a combination thereof. 

Still another object is to provide an effective and low-cost method of 
remediating a contaminated fluid. 

Still another object is to provide an improved method of compressively 
5 heating a volume of gas, substantially uniformly and substantially instanta- 
neously. 

These and other objects and advantages will become apparent from the 
foregoing and ongoing written specification, the drawings, and the appended 
claims. 

10 Brief Description of the Drawings 

Fig. 1 is a schematic of one form of apparatus for performing the im- 
proved method. 

Fig. 2 is a plot of temperature (left ordinate) and pressure ratio (right 
ordinate) versus time (abscissa), showing that the increase in temperature is 
15 substantially in-phase with a step change in pressure ratio. 

Fig. 3 is a plot of temperature ratio versus pressure ratio for a Roots-type 
pump or blower operated at two different rpms.. 

Fig. 4 is a scanning electron micrograph of a test sample of air contami- 
nated with Bacillus globigii (Bg) spores, prior to passing through the apparatus. 
20 Fig. 5 is a scanning electron micrograph image showing the contaminated 

air depicted in Fig. 4, after having passed through the apparatus with compres- 
sive heating at a temperature above about 200 °C. 

Fig. 6 is a schematic view showing the improved apparatus arranged 
parallel with a conventional HVAC system used in association with a building. 
25 Fig. 7 is a schematic view showing a downstream sensor as used to adjust 

the operation of the blower so as to alter or convert substantially all of the con- 
taminants therein. 

Description of the Preferred Embodiments 
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n<ly throughout the several drawing flgures , as such ^ * 

m* a, d, the drawmgs are intended ,„ be ^ ^ „ os 

~* of parts , proportion , degree , etc , (ogether wjth J * 

used ,n .hefooowingdescrip t ion, meterm*. horizontal-, Vertical'. W , Vighf 
.0 up" and down-, as well as adjecflva, and adverbia, delves ther of , ' 

o . e lustraled slruceure as , he par(icular drawjng flgure faces 

a surface relative t „ its axis o f elongation, „ ax, of rotation, as eppropriate. 
The present invention broadly provides an improved method of altering 
or converting a fluids ^ ^ ^ ^ ^ J 

proved method uses ap p arat „ s lhat is , for M inten(s and 
such apparatus was not previously used for the purpose herein disciosed and 
.mended. Indeed, the improved method deHberately misuses ,ha, Known appa- 
20 ratus to aciueve objectives tha, were avoided in fhe prior art 

The improved method utiles the equation of state for an ideal gas; 

pV = nRT 

where p is pressure, V is volume, n is the mass of the g as expressed in moles, R 
he umversa, g as consent V ,, R = 8 . 314 joule/^ole)^) - , , 86 
25 cal/W),. and T is the temperahrre (expressed in degrees Kelvin) 

The invention provides an improved method of altering or convening a 
flmd borne continent, which method comprises or includes the steps of 
P-,d,ngapumphavinganimetand an outlet; coring the pump to a sou, 

30 I T m ' na,edflUid;OPmtinglhe ' ,Um ^-P---ra,ioo,a t ,e a s,2.0so 
30 .s ,o suff.cen, elevafe the temperehrre of the fluid and contaminants passing 
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toou ghthepump;andconMlingthetjmedur . ngwWchthetem ^^ reof ^ 

flu.d and contaminants are elevated; thereby to substantially alter all of the 
contaminants passing through the pump. 

As used herein, the word "contaminant" is intended broadly and generi- 
cally. It may include a particulate contaminant, such as an asbestos particle or 
the like. ,» may IncIude a biologjca , ^ ^ ^ ^ ^ 

hmgus, mold, spore, or the like. It may include some other chemical, pollutant 
or contaminant. At least a portion of the fluid should be compressible This 
fatrly means that the fluid should have a gaseous component, if the fluid is not 

10 wM lyg-.Asusedherein,,he„ord» flu id»is g eneric t oeitheral ia uidoragas 
The tmproved method operates to volume trically compress the gas, caus- 
mg a substantially uniform increase in its temperature very quickly. The pump 
may be a Roots-type positive displacement pump or blower, a compressor, a 
p.sto„-and-cylinder, or some other similar device. As used herein, a Roots-type 
15 posmve displacement pump, sometimes known as a Roots Blower, refers to a 
device having two multi-lobed rotors or impellers arranged within an elongated 
casmg or housing. The rotors or impellers are rotated in opposite directions, and 
closely interfit with one another, the angular walls of the casing, and the end 
walls of the casing. As each impeller lobe passes by the inlet, it traps a defined 
20 volume of gas and compresses it as it is carried around to the outlet, where it is 
dtscharged. Examples of such Roots-type devices are representatively shown 
and described in U.S. Pats. No. 4,215,977, 4,390,331, 5,040,959, 4,652,223 

4,666,384,4,666,385,4,859,,58,4,975,032and5,702,240,,heaggrega,edisclosures 
of whtch are hereby incorporated. The use of such Roots-type devices to com- 

25 press.vely heat a gas is disclosed in a doctoral dissertation of David Blekhman 
"A Theoretical and Experimental Study of High-temperature Compressive Gas' 
Heatmg", Department of Mechanical and Aerospace Engineering, State Univer- 
sity of New York at Buffalo, dated July 16, 2002. 

In one form, multiple pumps may be placed in series such that the fluid- 

30 to-be-treated is caused to pass sequentially through these pumps, and be succes- 
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sively treated by each elevation of temperature. As used herein, the pressure 
ratio is the pressure at the output of the pump divided by the pressure of the 
input of the pump. The time during which such fluid and contaminants are 
subjected to an elevated temperature may be regulated or monitored by means 
5 of adjusting the flow of contaminants through the apparatus, or by providing a 
heated tube downstream of the pump. It is presently preferred that the pump 
be operated at a pressure ratio of at least 2.0, or that the temperature of the outlet 
gas be at least about 200°C at the pump outlet. In one experiment upwards of 
99.9% of Bacillus globigii (Bg) spores, an anthrax simulant, where killed by 
10 heating to about 200 °C in a single pass through a Roots-type positive displace- 
ment pump. 

Referring now to the drawings, and, more particularly, to Fig. 1 thereof, 
a test bed arrangement of the present apparatus is generally indicated at 20. This 
device is shown as having a Roots-type pump or compressor 21, and an inlet 22 

15 and an outlet 23. Contaminated fluid from a suitable source 24 is provided 
through a high-flow filter 25 to an inlet pipe 26, containing a lambda-square 
orifice flow meter 28 and a throttling valve 29 to the pipe inlet 22. In the pump, 
the volume of the inlet fluid is compressed, and is discharged through the pump 
outlet 23 through a muffler or silencer 30. A portion of the fluid outlet stream 

20 is sampled, as indicated by block 31. 

Fig. 2 is a plot showing temperature (left ordinate) and pressure ratio 
(right ordinate) versus time. It should be noted that as the pressure ratio is 
increased, as represented by the step functions occurring at about 3300 seconds, 
6500 seconds, 9500 seconds, 11500 seconds and 14000 seconds, respectively, there 

25 is a substantially in-phase substantially-instantaneous corresponding rise in the 
outlet temperature, represented by the curve labeled T out . At the same time, the 
flow through the pump is stepped downwardly. 

Fig. 3 is a plot of temperature ratio versus pressure ratio for a Roots blow- 
er, such as shown Fig. 1, albeit operated at two different angular speeds.. This 

30 curve illustrates that as the pressure ratio increases, the temperature ratio also 
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increases, albeit in a non-linear manner. 

Fig. 4 is a scanning electron micrograph showing a test sample containing 
a large number of Bg spores in a contaminated fluid sample provided to the inlet 
of the pump. 

5 Fig. 5 is a scanning electron micrograph of the flow at the fluid outlet. 

These pictures depict a handful of residue Bg spores. However, when these were 
attempted to be cultured and grown, it was found that these spores were dead. 
Thus, these are not live spores, but dead residue Bg spores. 

Fig. 6 is a schematic showing the improved apparatus as being operatively 

10 arranged in parallel with a conventional HV AC system 32 having an inlet 33 and 
an outlet 34 arranged to supply the outlet flow to a building 35. In this case, 
there are two valves, 36 and 38 arranged upstream and downstream, respec- 
tively, of the HVAC system. Pump 39 is provided through an inlet 40, and 
having an outlet 41. The outlet from the pump is provided to a catalytic con- 

15 verter 42 for conversion or alteration of the particular contaminant. A sensor 43 
is arranged to sense the presence of contaminant in the outlet flow provided in 
outlet conduit 44, which is also provided to the building. Thus, valves 36 and 38 
can be opened, and pump 39 disabled so as to permit normal use of the HVAC 
system. However, in the event of an emergency, or upon some other triggering 

20 event, valves 36 and 38 may be selectively closed to divert flow to the pump and 
catalytic converter, for treatment of the fluid contained therein. In an alternative 
arrangement, the catalytic converted could be positioned upstream of the pump. 

Fig. 7 is a schematic view showing another form of the pump, this time 
indicated at 45, and catalytic converter 46 associated with a heat exchanger 48. 

25 The function of heat exchanger 48 is to extract heat from the outlet flow, and to 
provide such heat back to preheat the inlet flow to the pump. 

Therefore, the present invention broadly provides an improved method 
of altering a fluid-borne contaminant, which method includes the steps of: 
providing a pump having an inlet and outlet; connecting the pump inlet to a 

30 source of contaminated fluid; operating the pump at a pressure ratio of at least 
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2.0 so as to sufficiently elevate the temperature of the fluid and contaminants 
passing through the pump; and controlling the time during which the tempera- 
ture of the fluid and contaminants are elevated; thereby to alter substantially all 
of the contaminants passing through the pump. 
5 In another form, the invention provides an improved method of altering 

a fluid-borne contaminant, which includes the steps of: providing a pump hav- 
ing an inlet and outlet; connecting the pump inlet to a source of contaminated 
fluid; operating the pump so as to elevate the temperature of the fluid and con- 
taminants passing through the pump to at least 200°C and controlling the time 
10 during which the temperature of the fluid and contaminants are elevated, there- 
by to alter substantially all of the contaminants passing through the pump. 

In the foregoing methods, the contaminants may be particulate or biologi- 
cal. The contaminants may be altered by chemical reduction, oxidization or 
combustion. The fluid must contain a compressible gas. However, the entire 
15 inlet flow need not to be gaseous in nature. The contaminants may be entrained 
in the gas. In other form, a fuel or reagent may be eritrained in, or provided as 
an aerosol, to the gas. The pump may be Roots-type positive displacement 
pump, a compressor, a piston-and-cy Under, or some other type. As demon- 
strated above, the outlet flow from the pump may be provided to a catalytic 
20 converter, or may be caused to pass through another pump. Heat at the pump 
outlet may be extracted and feed back preheat the gas provided to the pump 
inlet. The fluid at the pump outlet may be sampled to determine the existing 
level of contamination, and the operation of the pump may be adjusted so that 
substantially of the contaminants are converted by passing through the pump. 
25 Therefore, while two presently preferred forms of the improved method 

have been shown and described, and various changes and modifications thereof 
discussed, persons skilled in this art will readily appreciate that various addi- 
tional changes and modifications may be made without departing from the spirit 
of the invention, as defined and differentiated by the following claims. 



